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(57) ABSTRACT

An apparatus and a method of determining a status of a
cover of a display terminal are provided. The apparatus
includes a terminal comprising a display screen, and a Hall
sensor comprising a magnetic field sensing surface and a
plurality of Hall elements disposed substantially parallel
with the magnetic field sensing surface, the magnetic field
sensing surface being substantially perpendicular to the
display screen.

17 Claims, 11 Drawing Sheets

200




U.S. Patent Feb. 14, 2017 Sheet 1 of 11 US 9,571,614 B2

100

200 120

3 )

220

FIG. 1A



U.S. Patent Feb. 14, 2017 Sheet 2 of 11 US 9,571,614 B2

100

22()

»>200

210

FIG. 1B



U.S. Patent Feb. 14,2017 Sheet 3 of 11 US 9,571,614 B2

121

110 110a
122 é

FIG. 2



U.S. Patent Feb. 14, 2017 Sheet 4 of 11 US 9,571,614 B2




U.S. Patent Feb. 14,2017 Sheet 5 of 11 US 9,571,614 B2

y 2110
111¢ 110a 111d

N




U.S. Patent Feb. 14,2017 Sheet 6 of 11 US 9,571,614 B2

FIG. 3C



U.S. Patent Feb. 14,2017 Sheet 7 of 11 US 9,571,614 B2




U.S. Patent Feb. 14,2017 Sheet 8 of 11 US 9,571,614 B2

1153
4 115b
1
1113 S
-
/
Z
N A B
111b =
.y,
/
118
18 11043

FIG. 4A



U.S. Patent Feb. 14,2017 Sheet 9 of 11 US 9,571,614 B2

1158

| 1150

K Y 1[EH

\
O |[EH

1110

H ||P

110a 111c¢

FIG. 4B



U.S. Patent Feb. 14,2017 Sheet 10 of 11 US 9,571,614 B2

VDD VID
O O
1113 510 540
d 4 <
FIRST - =
HALL ELEMENT = CONTROL UNIT TR
— DRDY
5 TESTO
z :ST]
|_
)
_)
5‘1 COMPARISO
MPARISON
— OLIFICATION ONIT
+ S
O 530
! ! O VSS

FIG. 5



U.S. Patent Feb. 14, 2017 Sheet 11 of 11 US 9,571,614 B2

/ 200
b ;
210
M0a = 12
la— 0O 6103
111b IE. 5100
110
{99 \5
100

FIG. 6



Us 9,571,614 B2

1
APPARATUS USING HALL SENSOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 USC 119(a)
of Korean Patent Application No. 10-2013-0129603 filed on
Oct. 29, 2013, 1n the Korean Intellectual Property Oflice, the
entire disclosure of which 1s incorporated herein by refer-
ence for all purposes.

BACKGROUND

1. Field
The following description relates to a sensing system
using a Hall sensor and to a Hall sensor arrangement

procedure 1n a terminal including a display screen.
2. Description of Related Art

U.S. Pat. No. 6,701,166 relates to a switch that detects an
open or closed state of a flip-type or folder-type radio
terminal that has first and second structures joined to each
other to have an open or closed state. The switch includes a
Hall sensor that generates voltage according to the strength
of an mput magnetic field and iversely proportional to the
distance to a magnet, a varniable amplifier that variably
amplifies the voltage from the hall sensor to output a
variably amplified voltage signal in response to a control
signal, and a comparator that compares the signal from the
variable amplifier with a reference voltage to output a signal
that indicates whether the terminal 1s 1n an open state or a
closed state. The sensing value of the switch may be adjusted
to sense the opening or closing of a folder of a terminal.

While the use of a Hall sensor to detect whether the flip
cover opens or closes 1s discussed, a mechanism of prevent-
ing 1naccurate detection when an angle of opening of a flip
cover reaches about 360 degrees 1s not discussed in the
patent.

In the event that the angle of opening of a tlip cover 1s O
degree, a magnet 1s close to the Hall sensor and the Hall
sensor may detect a strong magnetic field. In response to the
detection of the strong magnetic field, the Hall sensor may
be used to determine that the tlip cover 1s 1n a closed state.

However, 1n the event that the angle of opening of the flip
cover reaches 360 degrees, a magnet 1s also located close to
the Hall sensor. Thus, a strong magnetic field may be
detected by the Hall sensor. A shielding sheet may be used
to block the magnetic field from the Hall sensor.

The shielding sheet may be produced through a metallic
material blocking a magnetic field tlow. In response to the
angle of opening of the tlip cover being about 360 degrees,
the shielding sheet may block the magnetic field generated
from the magnet 210 so that the full strength of the magnetic
field may not be detected by the Hall sensor. When the Hall
sensor does not sense the strong magnetic field due to the
blocking of the magnetic filed by the shielding sheet, the flip
cover 200 may be continuously determined to be 1n an open
state.

However, the procedure of determining the state of the flip
cover using the shielding sheet additionally requires the use
of a shielding sheet and may result in naccurately deter-
mimng an open state of the flip cover according to a position
of the shielding sheet. Furthermore, a production of a
display terminal requires an additional procedure of includ-
ing the shielding sheet, which results in an increase 1n

production cost.

SUMMARY

This Summary 1s provided to introduce a selection of
concepts 1 a sumplified form that are further described
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2

below 1n the Detailed Description. This Summary 1s not
intended to 1dentify key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used as an aid
in determining the scope of the claimed subject matter.

In one general aspect, an apparatus 1including a terminal
comprising a display screen, and a Hall sensor comprising a
magnetic field sensing surface and a plurality of Hall ele-
ments disposed substantially parallel with the magnetic field
sensing surface, the magnetic field sensing surface being
substantially perpendicular to the display screen.

The apparatus may further include a cover unit configured
to cover the display screen, and a magnet disposed 1n or on
the cover unit.

The plurality of the Hall element may be formed on a
semiconductor substrate, and a first conductivity type con-
tact region and a second conductivity type doping region
may be formed on a first conductivity type well of the
semiconductor substrate.

The first conductivity type contact region may be an
N-type contact region. The second conductivity type doping
region may be a P-type doping region. The first conductivity
type well may be an N well of the semiconductor substrate.

The apparatus may further include an ofiset adjustment
unmit configured to determine a reference value for a mag-
netic field intensity detected by each of the plurality of the
Hall elements, an amplification unit configured to amplity
the magnetic field intensity detected by each of the plurality
of the Hall elements, and a comparison unit configured to
compare the detected magnetic field intensity through each
of the plurality of the Hall elements.

A number of the Hall elements may be equal to 2 or more.

The Hall sensors may be disposed on a Hall sensor circuit
board, and the Hall sensor circuit board may be disposed in
a packaged chip.

The Hall sensor circuit board may be arranged substan-
tially perpendicular to the display screen.

In another general aspect, an apparatus includes a display
terminal comprising a display screen, a first Hall sensor
comprising a first Hall element, and a second Hall sensor
comprising a second Hall element, in which the display
screen 1s arranged substantially parallel to a magnetic field
sensing surface of the first Hall sensor and to a magnetic
field sensing surface of the second Hall sensor.

The first Hall element and the second Hall element may
be on a semiconductor substrate, and a first conductivity
type contact region and a second conductivity type doping
region may be formed on a first conductivity type well of the
semiconductor substrate.

The first conductivity type contact region may be an
N-type contact region. The second conductivity type doping
region may be a P-type doping region. The first conductivity
type well may be an N well of the semiconductor substrate.

The first Hall sensor may be layered above or below the
second Hall sensor.

The apparatus may further include a cover including a
magnet, and a processor configured to determine whether
the cover 1s open or closed based on magnetic fields detected
by the first Hall sensor and the second Hall sensor.

In another general aspect, there 1s provided a method of
determining a status of a cover of a display terminal, the
display terminal including at least two Hall elements
arranged vertically inside the display terminal, the method
involving detecting a first magnetic field intensity by using
a first Hall element, detecting a second magnetic field
intensity by using a second Hall element, comparing the first
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magnetic field intensity and the second magnetic intensity,
and determining whether the cover 1s open or closed based
a result of the comparing.

Other features and aspects will be apparent from the
tollowing detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a diagram 1llustrating an example of a terminal
including a display screen and a flip cover or a smart cover.

FIG. 1B 1s a diagram illustrating another example of a
terminal including a display screen and a flip cover or a
smart Cover.

FIG. 2 1s a diagram 1llustrating an example for a terminal
including a Hall sensor having a plurality of Hall elements.

FIGS. 3A, 3B, 3C and 3D are diagrams illustrating
examples of display circuit boards or Hall sensor circuit
boards having a vertical arrangement of a Hall sensor
including a plurality of Hall elements.

FIGS. 4A and 4B are diagrams illustrating examples of
package-type semiconductor die or semiconductor chip
including a Hall sensor mounted on a display circuit board
or a Hall sensor circuit board.

FIG. 5 1s a block diagram illustrating an example of a
display apparatus that detects the state of a flip cover.

FIG. 6 1s a diagram 1llustrating an example of a display
apparatus that includes a plurality of Hall elements sepa-
rately arranged i a first Hall sensor and a second Hall
SENnsor.

Throughout the drawings and the detailed description,
unless otherwise described or provided, the same drawing
reference numerals will be understood to refer to the same
clements, features, and structures. The drawings may not be
to scale, and the relative size, proportions, and depiction of
clements 1n the drawings may be exaggerated for clarity,
illustration, and convenience.

DETAILED DESCRIPTION

The following detailed description 1s provided to assist
the reader 1n gaining a comprehensive understanding of the
methods, apparatuses, and/or systems described herein.
However, various changes, modifications, and equivalents
ol the systems, apparatuses and/or methods described herein
will be apparent to one of ordinary skill in the art. The
progression of processing steps and/or operations described
1s an example; however, the sequence of and/or operations
1s not limited to that set forth herein and may be changed as
1s known in the art, with the exception of steps and/or
operations necessarily occurring 1n a certain order. Also,
descriptions of functions and constructions that are well
known to one of ordinary skill in the art may be omitted for
increased clarity and conciseness.

The features described herein may be embodied i dif-
terent forms, and are not to be construed as being limited to
the examples described herein. Rather, the examples
described herein have been provided so that this disclosure
will be thorough and complete, and will convey the full
scope of the disclosure to one of ordinary skill in the art.

Terms used in the present disclosure may be understood
as follows.

While terms such as “first” and “second,” etc., may be
used to describe various components, such components must
not be understood as being limited to the above terms. The
above terms are used to distinguish one component from
another. Structural differences between the components are
not necessary. For example, a first component may be
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referred to as a second component, and likewise a second
component may be referred to as a first component.

It will be understood that, when an element 1s referred to
as being “connected to” another element, the element may
be directly connected to the another element or intervening
clements may be present therebetween. In contrast, when an
clement 1s referred to as being “directly connected to”
another element, no ntervening elements are present ther-
cbetween. In addition, unless explicitly described to the
contrary, the word “comprise” and variations such as “com-
prises’ or “comprising,” will be understood to imply the
inclusion of stated elements but not the exclusion of any
other elements. Meanwhile, other expressions describing
relationships between components such as “between”,
“immediately between” or “adjacent to” and “directly adja-
cent to” may be construed similarly.

Singular forms “a”, “an” and “the” 1n the present disclo-
sure are mntended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that terms such as “including” or “having,” etc.,
are intended to 1indicate the existence of the features, num-
bers, calculation s, actions, components, parts, or combina-
tions thereof disclosed in the specification, and are not
intended to preclude the possibility that one or more other
features, numbers, calculation s, actions, components, parts,
or combinations thereof may exist or may be added.

In describing the elements of the present invention, terms
such as first, second, A, B, (a), (b), etc., may be used. Such
terms are used for discriminating the corresponding ele-
ments from other elements and the corresponding elements
are not itended to limit their essence, sequence, or prece-
dence.

Unless otherwise defined, all terms used herein, including
technical or scientific terms, have the same meanings as
those generally understood by those with ordinary knowl-
edge 1 the field of art to which the present disclosure
belongs. Such terms as those defined 1n a generally used
dictionary are to be interpreted to have the meanings equal
to the contextual meanings in the relevant field of art, and are
not to be imterpreted to have ideal or excessively formal
meanings unless clearly defined 1n the present application.

Proposed below are various examples of sensing systems
capable of sensing a magnetic field being generated by a
magnet of a flip cover without a separate shielding sheet to
detect a status of a tlip cover. Also, proposed below are
various examples of sensing systems capable of detecting an
open operation of a flip cover based on the intensities of
magnetic filed sensed by a plurality of Hall elements in a
Hall sensor.

The examples of sensing systems described below may be
capable of lowering the possibility of malfunction that may
occur when an angle of opening of a flip cover reaches 360

degrees. However, the present disclosure 1s not limited
thereto.

FIG. 1A 1s a diagram 1llustrating an example of a terminal
including a display apparatus and a tlip cover or a smart
cover.

Referring to FI1G. 1A, a display apparatus 100 correspond-
ing to a first body that includes a main body 120. A Hall
sensor 1s arranged in the main body 120. A flip cover or
smart cover 200 corresponding to a second body, and
includes a magnet 210 and a cover unit 220. The display
apparatus 100 and the tlip cover 200 may be separately
implemented or integrally implemented. In one example, the
tlip cover 200 may be detached from the main body 120. The
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tlip cover 200 may be directly coupled to the body of display
apparatus 100 or be extended from a battery cover 1n a back
of the display apparatus 100.

The display apparatus 100 corresponds to a device
capable of a display function. The display apparatus 100 has
a display screen 121 that may output various information to
a user. The display apparatus 100 may correspond to a
device configured for a wireless communication, such as a
cellphone, a smartphone, a tablet or a two-way radio. The
display apparatus 100 includes the Hall sensor 100, the main
body 120 and the display screen 121. The display apparatus
100 may be included 1n a sensing system that detects a state
of a flip cover 200 through the use of the Hall sensor 110.

Herein, the display screen 121 may correspond to a front
surface of the display apparatus 100. The display screen 121
may 1llustrate various information and functions. The dis-
play screen 121 may illustrate a difference between a mag-
netic field sensed by the Hall sensor 110, an open angle of
the flip cover 200 and a sensing result of the Hall sensor 110
of the various functions. That 1s, the display screen 121 may
correspond to a screen illustrating a function of the Hall
sensor 200.

The Hall sensor 110 or a chip including the Hall sensor
110 may detect the magnetic field being generated by the
magnet 210 1n the flip cover 200. The Hall sensor 110 may
include a plurality of Hall elements, a logic circuit and a
memory.

The Hall sensor 110 may be implemented as a rectangular
shape and may include at least one Hall element may be
included in the Hall sensor 110. A plurality of Hall elements
may be symmetrically arranged at each corner of the Hall
sensor 110 to maintain a constant distance.

Each of the plurality of Hall elements may be formed on
a semiconductor substrate. The semiconductor substrate
may have an N-well region. A plurality of high concentration
N-type contact regions and high concentration P-type dop-
ing regions may be arranged thereon. The concentrations of
dopant 1n the high concentration N-type contact regions may
be greater than the concentration of dopant in the N-well
region. The high concentration P-type doping regions may
be arranged between the high concentration N-type contact
regions. For example, 1n the event that a number of the Hall
clement 1s (4) four, four N-type contact regions may be
provided. The plurality of the high concentration N-type
contact regions 1s used to tlow a current and to measure a
voltage variation.

The at least one Hall element uses the Hall eflect to
measure a direction and an intensity of a magnetic field. The
Hall effect refers to the generation of a voltage diflerence
(the Hall voltage) across an electrical conductor, transverse
to an electric current 1n the conductor and a magnetic field
perpendicular to the current. The Hall voltage 1s proportional
to an amount of the electric current and the magnetic field
strength; 1n the event that the amount of the electric current
1s constant, the Hall voltage 1s proportional to the magnetic
field strength.

The main body 120 includes a display screen and a
wireless transceiver for a wireless communication.

The tlip cover 200 may correspond to a structure for
protecting a display screen and improving the appearance of
a display apparatus 100. The flip cover 200 may protect the
display apparatus 100 from a scratch or a damage that may
result from 1nadvertent dropping of the display apparatus
100. The thip cover 200 may include a magnet 210 that
generates a magnetic field and the cover unit 220 that covers
a front surface of the display apparatus 100. The act of
opening or closing the thp cover 200 may generate a
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variation in the magnetic field originating from the magnet
210, and the vanation of the magnetic field may be detected
by the Hall sensor 110 of the display apparatus 100.

The magnet 210 may form a magnetic field around the
Hall sensor 110. The magnet 210 1s attached with the cover
unit 220 to move according to a movement of the cover unit
220. Thus, the magnetic field of around the Hall sensor 110
1s changed according to the movement of the cover umt 220.

The cover umt 220 may protect the front side of the
display apparatus 100 and may internally or an externally
include the magnet 210. The cover unit 220 may use a hinge
221 to be coupled with the display apparatus 100.

As 1illustrated 1n FIG. 1B, the cover unit 220 may be
opened or closed according to a user’s usage. In the event
that the cover unit 220 1s completely covering the display
apparatus 100, an angle of opening 130 1s considered to be
0 degree. In the event that the cover unit 220 reaches a back
side of the display apparatus 100, the angle of opening 130
may be considered to be about 360 degrees.

A distance between the Hall sensor 110 and the magnet
210 included 1n the cover unit 220 1s substantially the same
when the angle of opening 130 of the cover unit 220 1s about
0 degree as when the angle of opening 130 of the cover unit
220 15 about 360 degrees. This may cause the Hall sensor
110 to maccurately detect a state of the cover unit 220, such
as whether the cover unit 220 1s 1n an open state or 1n a
closed state. That 1s, although the angle of opening of the flip
cover 200 1s about O degree, the Hall sensor 110 may detect
the angle of opening 130 thereof to be about 360 degrees. In
order to prevent this situation, a mechanism 1s necessary to
allow the Hall sensor 110 to discriminate between the two
angles of opening 130 of the cover unit 220. That 1s, when
the angle of opening of the cover unit 220 1is about 360
degrees, a mechanism 1s necessary for the Hall sensor 110 to
detect that the cover unit 220 1s 1n an open state and not 1n
a closed state.

In the event that the angle of opening of the cover umt 220
1s about 360 degrees, a mechanism 1s necessary for the
display apparatus 100 to detect that the cover unit 220 1s 1n
an open state and not a closed state. In one example, the
mechanism 1s based on a vertical arrangement of the Hall
sensor 110 1n the display apparatus 100. An example of a
display apparatus 1n which the Hall sensor 110 1s 1n a vertical
arrangement will be described with respect to FIG. 2.
However, 1n another example, the Hall sensor 110 may be
arranged 1 the cover umt 220 and the magnet may be
arranged 1n the display apparatus 100.

FIG. 2 1s a diagram 1illustrating an example of a terminal
including a Hall sensor. In this example, the Hall sensor
includes a plurality of Hall elements.

Referring to FIG. 2, the display apparatus 100 may
include a single Hall sensor 110. A corresponding Hall
sensor 110 may include first and second Hall elements 1114
and 1115. The corresponding Hall sensor 110 may include a
magnetic field sensing surtace 110a, and the magnetic field
sensing surface 110a 1s arranged perpendicular to the main
surface of the display screen 121. Therefore, a plurality of
Hall elements 111a and 1115 are arranged perpendicular to
the display screen 121, due to the vertical arrangement of the
corresponding Hall sensor 110. That 1s, when the magnetic
field sensing surface 110aq 1s facing a first direction, the
display screen 121 i1s arranged to face a second direction
such that the second direction i1s perpendicular to the first
direction.

In an example 1n which the Hall sensor 110 1s arranged
perpendicular to the display screen 121, each of the plurality
of the Hall elements 111a and 1115 may have different
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distances from the display screen 121, unlike 1n an example
in which the Hall sensor 1s arranged parallel to the display
screen 121. In the illustrated example, because the first Hall
clement 111a 1s located closer to the magnet 210 than the
second Hall element 1115, the first Hall element 111a detects
a greater magnetic field intensity i comparison to the
second Hall element 1115. A difference between the mag-
netic field intensities detected by the plurality of the Hall
clements 111 and 1115 may be used to determine the angle
of opening 130 of the tlip cover 200, as well as the state of
the flip cover 200.

In the illustrated example, the plurality of the Hall ele-
ments 111a and 1115 1n the Hall sensor 110 1s arranged on
a same plane. However, the plurality of the Hall elements
111a and 111 b are arranged vertically, perpendicular to the
display screen 121. Thus, the magnetic field intensity
detected by each of the plurality of the Hall elements varies
due to the distance. When the angle of opening 130 of the
flip cover 200 1s 180 degrees, magnetic field intensities
detected by two Hall elements 111a and 1115 may be
substantially same. However, when the open angle 130
corresponds to 0 degree or to 360 degrees (not 180 degree),
the magnetic field intensities detected by each of the two
Hall elements 111a and 1115 are diflerent due to the vertical
arrangement of the Hall elements 111aq and 1115.

For example, in the event that the flip cover 200 having
the magnet 210 1s arranged above the first Hall element 1114
while the angle of opening 130 1s 0 degree, a magnetic field
intensity detected by the first Hall element 111qa 1s stronger
than that detected by the second Hall element 1115. On the
other hand, 1n the event that the flip cover 200 having the
magnet 210 rotates 360 degrees to reach the back side of the
display apparatus 100, a magnetic field intensity detected by
the second Hall element 1115 1s stronger than that detected
by the first Hall element 111a.

The display apparatus 100 may use a diflerence between
the magnetic field intensities of the first and second Hall
clements 111a and 1115 to discriminate as to whether the
angle of opening 130 of the flip cover 200 corresponds to O
degree or to 360 degrees. For example, the display apparatus
100 may determine the angle of opening 130 of the thp cover
200 as 360 degrees when a magnetic field intensity sensed
by the second Hall element 1115 1s at 1its maximum level. On
the other hands, when a magnetic field intensity detected by
the first Hall element 111a 1s at 1ts maximum, the display
apparatus 100 may determine the angle of opening 130 of
the flip cover 200 to be 0 degree.

FIGS. 3A, 3B, 3C and 3D are diagrams illustrating
examples of display circuit boards or Hall sensor circuit
boards having a vertical arrangement of a Hall sensor. The
Hall sensors include a plurality of Hall elements. FIGS. 4A
and 4B are diagrams 1llustrating examples of package-type
semiconductor die or semiconductor chip including a Hall
sensor mounted on a display circuit board or a Hall sensor
circuit board.

FIGS. 3A, 3B, 3C, 3D illustrate examples of Hall sensors
including a plurality of the Hall elements. In FIG. 3A, the
Hall sensor 110 includes two Hall elements 111a and 1115.
In FIG. 3B, the Hall sensor 110 includes four Hall elements
111a through 1114d. The Hall elements in the Hall sensor 110
may correspond to at least two Hall elements. Because a
difference between the magnetic field intensities sensed by
cach of the plurality of the Hall elements may be used to
detect the angle of opening 130 of the flip cover 200, when
two Hall elements 111¢ and 1115 are arranged as in the
example illustrated i FIG. 3A, the two Hall elements may
be respectively arranged on a left side and a right side of the
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Hall sensor 110. In another example, the two Hall elements
111a and 1115 may be diagonally arranged instead of the left
side and the right side of the Hall sensor. In this example, the
Hall elements 111a through 1114 are formed on a single
semiconductor substrate. The plurality of the Hall elements
111a through 1114 may be integrated to form a single Hall
sensor 110.

FIG. 3B illustrates an example 1n which the Hall sensor
110 includes four Hall elements, the plurality of the Hall
clements 111q through 1114 are arranged at each corners of
the Hall sensor 110 so that the Hall sensor 110 may obtain
various information. The arrangement allow comparison of
the magnetic field along the y-axis and x-axis and in the
diagonal direction through the x-axis and y-axis. Thus, more
information may be obtained 1n comparison to a Hall sensor
having two Hall elements. The Hall sensor may extend a
sliding prevention function as well as an angle of opening
calculation function.

The plurality of the Hall elements 111a through 1114 may
respectively detect the magnetic field intensities generated
from the magnet 210. The plurality of the Hall elements 111qa
through 111d represent a same or similar electrical property
when the plurality of the Hall elements 111a through 1114
are manufactured in a same procedure.

The magnetic field sensing surface 110q of the Hall sensor
110 1s packaged toward a Z-axis direction. The plurality of
the Hall elements 111a through 1114 may collect the mag-
netic field intensity flowing through the magnetic field
sensing surface 110a of the Hall sensor 110.

As 1llustrated 1n FIGS. 3C and 3D, the Hall sensors 110
are mounted on a Hall sensor circuit board 113. The Hall
sensor circuit board 113 may be used to transmit a signal to
the display apparatus 100. The mounted Hall sensor circuit
board 113 (e.g., a Printed Circuit Board) may be arranged
perpendicular to the display screen 121 inside a display
apparatus 100. The plurality of the Hall elements 111a
through 1114 may be arranged on the Hall sensor 110 so that
the plurality of the Hall elements 111a through 1114 may be
arranged perpendicular to the display screen 121.

As 1llustrated 1n FIGS. 3C and 3D, the magnetic field
sensing surface 110a in the Hall sensor 110 1s arranged
perpendicular to the display screen 121 so that a surface of
the magnet 210 1s vertically arranged on the Hall sensor 110.
The magnet 210 1s mounted on the flip cover 200. When the
angle of opening 130 of the tlip cover 200 1s 0 degree and
the flip cover 200 covers the display screen 121, the mag-
netic field sensing surface 110a of the Hall sensor 110 and
the magnet 210 may be substantially perpendicular to each
other. Herein, the term substantially perpendicular refers to
the angle between two surfaces or lines being approximately
90 degrees. For example, the angle between the two surfaces
or lines may be between approximately 80 to 100 degrees,
or between 85 to 95 degrees. Likewise, a parallel surface or
two horizontal surfaces may have an angle of approximately
0 degree, 180 degrees or 360 degrees. Degrees deviating by
approximately 5 to 10 degrees, such as O to 5 degrees, 175
to 185 degrees, 355 to 365 degrees may be considered as
being substantially parallel.

That 1s, when the angle of opening 130 of the flip cover
200 1s O degree or 360 degrees, the magnetic field sensing
surface 110a of the Hall sensor 110 may be substantially
perpendicular to the magnet 210. In addition, the magnetic
field sensing surface 110a may be substantially perpendicu-
lar to the display screen 121, and the magnetic field sensing
surface 110a may be vertical to a main circuit board 117 of
the display apparatus 100 so that the Hall sensor 110 may
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determine whether the angle of opening 130 of the flip cover
200 1s approximately O degree or 360 degrees without a
separate shielding sheet.

In this example, a semiconductor die or a semiconductor
package chip 115a having the Hall sensor 110 1s mounted on
the Hall sensor circuit board 113 and the Hall sensor circuit
board 113 1s arranged perpendicular to the display screen
121. As a result, the magnetic field sensing surface 110a of
the Hall sensor 110 1s arranged 1n an X-axis direction (or a
Y-axis direction). Herein, the main circuit board 117 and the
Hall sensor circuit board 113 of the display apparatus 100
are perpendicular to each other.

In one embodiment, a sesmiconductor chip having the Hall
sensor 110 may not use the Hall sensor circuit board 113 and
may be directly mounted on the main circuit board 117 of the
display apparatus 100. The Hall elements may be arranged
perpendicular to the display screen 121.

In an example 1n which the plurality of the Hall elements
111a through 1114 1s arranged perpendicular to the display
screen 121 due to a vertical arrangement of the Hall sensor
110, the magnetic field intensities detected by each of the
plurality of the Hall elements 111a through 1114 may vary
based on 1ts distance to the magnet 210.

The intensity of magnetic field detected by Hall elements
that are arranged close to the magnet 210 1s relatively strong,
and that detected by Hall elements far away from the magnet
210 1s relatively weak. This difference in detected intensity
allows the display apparatus 100 to determine the open or
closed status of the thip cover 200.

FIGS. 4A and 4B 1llustrate a package type semiconductor
die or semiconductor chip having a Hall sensor.

The plurality of the Hall elements 111a through 1114 may
be vertically arranged 1n during the packaging procedure.

In FIGS. 4A and 4B, the Hall sensor 110 may include two
111a and 1115 or four Hall elements 111a through 111d. The
magnetic field sensing surface 110a of the Hall sensor 110
1s packaged 1n an X-axis direction or a Y-axis direction. A
plastic package 11556 packaging the semiconductor die 1134
having the Hall sensor 110 may be mounted on the main
circuit board 117 of the display apparatus 100 horizontally
arranged on the display screen 121. As a result, the magnetic
field sensing surface 110a of the Hall sensor 110 1s arranged
in an X-axis direction or a Y-axis direction.

Referring to FIG. 4A, the magnetic field intensity detected
by each of the first and second Hall elements 111a and 1115
may be different. The difference may result from the fact that
a distance between each of the first and second Hall elements
111a and 1116 and the magnet 210 1s different. Therefore,
the Hall sensor 110 may determine the angle of opening 130,
a position of the flip cover 200 or a position of a N-pole and
a S-pole of the magnet 210.

Referring to FIG. 4B, the first and fourth Hall elements
111a and 111 J are horizontally positioned, and the second
and third Hall elements 1115 and 111c¢ are horizontally
positioned. When the flip cover 200 having the magnet 210
1s positioned above the first and fourth Hall elements 111a
and 1114 due to the angle of opening 130 being O degree, the
magnetic field intensity detected by the first and fourth Hall
clements 111a and 111 4 may be stronger than the intensity
detected by the second and third Hall elements 1115 and 111
c. On the other hands, when the flip cover 200 having the
magnet 210 rotates 360 degrees to position the magnet 210
close to the second and third Hall elements 1115 and 111 ¢
due to a tlip cover rotation of 360 degrees, the magnetic field
intensity detected by the second and third Hall elements
1115 and 111 ¢ may be stronger than that detected by the first
and fourth Hall elements 111a and 111 4.
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The Hall sensor 110 may determine whether the angle of
opening 130 of the tlip cover 200 1s 0 degree or 360 degrees
by using the difference of the magnetic field. For example,
when the magnetic field intensities detected by the second
and third Hall elements 1115 and 111 ¢ are maximum, the
open angle 130 detected by the Hall sensor 110 may be set
as 360 degrees. On the other hands, when the magnetic field
intensity detected by the first and fourth Hall elements 111a
and 1114 1s maximum, the Hall sensor 110 may determine
the open angle 130 as 0 degree. A method of determiming the
opening status of the flip cover 200 will be described with
respect to FIGS. 5 and 6.

FIG. 5 1s a block diagram illustrating an example of a
display apparatus that detects a flip cover.

Referring to FIG. 5, the display apparatus 100 includes a
plurality of the Hall elements 111a through 1114, an oflset
adjustment umit 310, an amplification unit 520, a comparison
unit 530 and a control unit 540.

In FIG. 5, the first and second Hall elements 1114 and
1115 may be arranged perpendicular to the display screen
121. The magnetic field intensity detected by the first and
second Hall elements 111¢ and 1115 may maintain a con-
stant rate according to the distance between these and the
magnet 210. A corresponding difference of the magnetic
field may be used for determining the status of the tlip cover
200, such as whether the tlip cover 200 1s open or closed.

The offset adjustment unit 510 adjusts the magnetic field
intensities detected by each of the plurality of the Hall
clements 111a through 111d. A magnetic field sensing prop-
erty of each of the plurality of the Hall elements 111a
through 1114 may be different in a manufacturing procedure
or a packaging procedure. Therefore, the plurahty of the Hall
clements 111a through 1114 adjusts the offset for a prede-
termined reference value so that accuracy for sensing the
open status of the thp cover 200 may be increased.

For example, 1n the event that the first and second Hall
clements 111a and 1115 are positioned at substantial the
same distance from an i1dentical magnet 210, the first Hall
clement 111¢ may detect 20 mT as the magnitude of a
magnetic field and the second Hall element 1115 may detect
30 mT as the magmitude of the magnetic field. The oilset
adjustment unit 510 may adjust an oflset of +10 mT to the
magnetic field intensity detected by the first Hall element
111a or an offset of =10 mT to the magnetic field intensity
detected by the second Hall element 1115. As a result, the
oflset adjustment unit 510 causes the plurality of the Hall
clements 111a through 1114 having a substantial same
distance from a same magnet 210 to detect the same mag-
netic field intensity.

The amplification umt 520 amplifies the magnetic field
intensities sensed by each of the plurality of the Hall
clements 111a through 111d. The plurality of the Hall
clements 111a through 1114 are closely positioned inside of
the display apparatus 100, thereby a diflerence between the
magnetic field intensities may be too small to be used for
sensing the open status of the flip cover 200. The amplifi-
cation unit 520 may amplity the magnetic field intensity to
increase the accuracy of determining the status of the flip
cover 200.

The comparison unit 5330 compares the magnetic field
intensities sensed by the plurality of the Hall elements 111a
through 111d. The comparison unit 530 may determine a
difference between the magnetic field intensities detected by
the plurality of the Hall elements 111a through 1114

When a difference between the magnetic field intensities
detected by the first and second Hall elements 111aq and 1115
1s calculated as a positive value, the comparison unit 530
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may determine a status of the thp cover 200 as a front side
open status. Herein, the front side open status corresponds to
a status where the open angle 130 of the thp cover 200 1s
more than 0 degree and less than or equal to 180 degrees.

When a difference between the magnetic field intensities
detected by the first and second Hall elements 111a and 1115
1s calculated as a negative value, the comparison unit 530
may determine a status of the tlip cover 200 as a back side
open status. Herein, the back side open status corresponds to
a status 1n which the angle of opening 130 of the tlip cover
200 1s more than 180 degrees and less than or equal to 360
degrees.

The control unit 540 may use the opening status of the flip
cover 200 that 1s determined by the comparison unit 530 for
adjusting the user interface or user experience.

The Hall elements 111a through 1114 included in the Hall
sensor 110 are used to detect the magnetic field generated
from the magnet 210. The Hall elements 111a through 1114
may be arranged in a single Hall sensor 110 as in the
example 1llustrated 1n FIG. 2. In the alternative, the Hall
clements 111a through 1114 may be separately arranged 1n
at least two Hall sensor 110 as illustrated in FIG. 6.

FIG. 6 1s a diagram 1llustrating an example of a terminal
in which Hall elements are separately arranged in two or
more Hall sensors.

Referring to FIG. 6, the display apparatus 100 may
include a first Hall sensor 610a and a second Hall sensor
61056. The first and second Hall sensors 610a, 6105 respec-
tively include a single Hall element. That 1s, the first Hall
clement 111q 1s arranged 1n the first Hall sensor 610a, and
the second Hall element 1115 1s arranged in the second Hall
sensor 6105. The first and second Hall sensor 610a and 6105
1s vertically arranged with respect to each other, from a top
side to a bottom side.

A first semiconductor die having the first Hall sensor 610a
and a second semiconductor die having the second Hall
sensor 6106 may be closely arranged with each other to be
packaged. The first and second semiconductor dies may be
integrally arranged as a single package, or may be separately
arranged as two packages. The packages may be horizon-
tally arranged with respect to the display screen 121.

The magnetic field sensing surfaces 110a of the first and
second Hall sensor 610a and 61056 may be horizontally
arranged with respect to the display screen 121. This 1s
because the first and second Hall sensors 610a and 6105 are
layered along a Z-axis direction to determine distances
between the magnet 210 and the plurality of the Hall
clements 111a through 1114, based on the different values of
intensity that may result due to their location along the
/-axis.

The difference between the magnetic field intensities
detected by the plurality of the Hall elements 111a through
1114 1ncluded in each of the first and second Hall sensors
610a and 6106 may be used for determiming the status of the
tlip cover 200.

The apparatuses and units described herein may be imple-
mented using hardware components. The hardware compo-
nents may include, for example, controllers, sensors, pro-
cessors, generators, drivers, and other equivalent electronic
components. The hardware components may be imple-
mented using one or more general-purpose or special pur-
pose computers, such as, for example, a processor, a con-
troller and an arithmetic logic unit, a digital signal processor,
a microcomputer, a field programmable array, a program-
mable logic unit, a microprocessor or any other device
capable of responding to and executing instructions 1n a
defined manner. The hardware components may run an
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operating system (OS) and one or more software applica-
tions that run on the OS. The hardware components also may
access, store, manipulate, process, and create data 1n
response to execution of the software. For purpose of
simplicity, the description of a processing device 1s used as
singular; however, one skilled 1n the art will appreciated that
a processing device may include multiple processing ele-
ments and multiple types of processing elements. For
example, a hardware component may include multiple pro-
cessors or a processor and a controller. In addition, different
processing configurations are possible, such a parallel pro-
CESSOrs.

The methods described above can be written as a com-
puter program, a piece ol code, an instruction, or some
combination thereof, for independently or collectively
instructing or configuring the processing device to operate as
desired. Software and data may be embodied permanently or
temporarily 1n any type of machine, component, physical or
virtual equipment, computer storage medium or device that
1s capable of providing instructions or data to or being
interpreted by the processing device. The software also may
be distributed over network coupled computer systems so
that the software 1s stored and executed 1n a distributed
fashion. In particular, the software and data may be stored by
one or more non-transitory computer readable recording
mediums. The media may also include, alone or 1n combi-
nation with the software program instructions, data files,
data structures, and the like. The non-transitory computer
readable recording medium may include any data storage
device that can store data that can be thereafter read by a
computer system or processing device. Examples of the
non-transitory computer readable recording medium include
read-only memory (ROM), random-access memory (RAM),
Compact Disc Read-only Memory (CD-ROMs), magnetic
tapes, USBs, tloppy disks, hard disks, optical recording
media (e.g., CD-ROMSs, or DVDs), and PC mterfaces (e.g.,
PCI, PCI-express, Wik1, etc.). In addition, functional pro-
grams, codes, and code segments for accomplishing the
example disclosed herein can be construed by programmers
skilled in the art based on the flow diagrams and block
diagrams of the figures and their corresponding descriptions
as provided herein.

As a non-exhaustive 1llustration only, a terminal described
herein may refer to mobile devices such as, for example, a
cellular phone, a smart phone, a wearable smart device (such
as, for example, a ring, a watch, a pair of glasses, a bracelet,
an ankle bracket, a belt, a necklace, an earring, a headband,
a helmet, a device embedded 1n the cloths or the like), a
personal computer (PC), a tablet personal computer (tablet),
a phablet, a personal digital assistant (PDA), a digital
camera, a portable game console, an MP3 player, a portable/
personal multimedia player (PMP), a handheld e-book, an
ultra mobile personal computer (UMPC), a portable lab-top
PC, a global positioming system (GPS) navigation, and
devices such as a high definition television (HDTV), an
optical disc player, a DVD player, a Blue-ray player, a setup
box, or any other device capable of wireless communication
or network communication consistent with that disclosed
herein. In a non-exhaustive example, the wearable device
may be self-mountable on the body of the user, such as, for
example, the glasses or the bracelet. In another non-exhaus-
tive example, the wearable device may be mounted on the
body of the user through an attaching device, such as, for
example, attaching a smart phone or a tablet to the arm of a
user using an armband, or hanging the wearable device
around the neck of a user using a lanyard.
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While this disclosure includes specific examples, 1t will
be apparent to one of ordinary skill in the art that various
changes 1n form and details may be made 1n these examples
without departing from the spirit and scope of the claims and
their equivalents. The examples described herein are to be
considered 1n a descriptive sense only, and not for purposes
of limitation. Descriptions of features or aspects in each
example are to be considered as being applicable to similar
features or aspects 1 other examples. Suitable results may
be achieved 1f the described techniques are performed 1n a
different order, and/or 1f components 1n a described system,
architecture, device, or circuit are combined 1n a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents. Therelore, the scope of the
disclosure 1s defined not by the detailed description, but by
the claims and their equivalents, and all variations within the
scope of the claims and their equivalents are to be construed
as being included 1n the disclosure.

DESCRIPTION OF SYMBOLS

O: DISPLAY APPARTUS
110: HALL SENSOR
111: A PLURALITY OF HALL ELEMENTS
115
7

: SENICONDUCTOR PACKAGE CHIP
117: MAIN CIRCUIT BOARD
118: LEAD
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a comparison unit configured to compare the detected
magnetic field intensity through each of the plurality of
the Hall elements.

5. The apparatus of claim 1, wherein a number of the Hall

clements 1s equal to 2 or more.

6. The apparatus of claim 1, wherein the Hall sensors are
positioned on a Hall sensor circuit board, and the Hall sensor
circuit board 1s positioned in a packaged chip.

7. The apparatus of claim 6, wherein the Hall sensor
circuit board is arranged substantially perpendicular to the
display screen.

8. The apparatus of claim 1, wherein the Hall sensor
turther comprises a magnetic field sensing surface disposed
substantially parallel to the plurality of Hall sensors.

9. The apparatus of claim 1, wherein the Hall sensor
detects whether the cover 1s substantially above the display
screen or substantially below the display screen.

10. An apparatus comprising:

a display terminal comprising a display screen;

a first Hall sensor comprising a first Hall element; and

110a: MAGNETIC FIELD SENSING SURFACE
113: HALL SENSOR CIRCUIT BOARD

120: MAIN BODY

121: DISPLAY SCREEN 122: BACK OF DISPLAY APPARATUS
130: OPEN ANGLE

200: FLIP COVER 210: MAGNET

220: COVER UNIT 221: HINGE

510: OFFSET ADJUSTMENT UNIT 520: AMPLIFICATION UNIT

530: COMPARISON UNIT 540: CONTROL UNIT

610: FIRST AND SECOND HALL SENSORS

What 1s claimed 1s:

1. An apparatus comprising:

a display screen positioned 1n a main body;

a cover unit configured to cover the display screen;

a magnet disposed 1n or on the cover unit; and

a Hall sensor positioned 1n the main body, the Hall sensor
comprising a plurality of Hall elements positioned such
that an axis passing through two of the plurality of Hall
clements 1s substantially perpendicular to the display
screen,

wherein each of the two of the plurality of Hall elements
1s configured to measure a magnetic field of the magnet.

2. The apparatus of claim 1, wherein the plurality of the

Hall element 1s formed on a semiconductor substrate; and

a first conductivity type contact region and a second
conductivity type doping region are formed on a {first
conductivity type well of the semiconductor substrate.

3. The apparatus of claim 2, wherein the first conductivity

type contact region 1s an N-type contact region;

the second conductivity type doping region 1s a P-type
doping region; and

the first conductivity type well 1s an N well of the
semiconductor substrate.

4. The apparatus of claim 1, further comprising:

an oflset adjustment unit configured to determine a ref-
erence value for a magnetic field intensity detected by
cach of the plurality of the Hall elements;

an amplification unit configured to amplily the magnetic
field intensity detected by each of the plurality of the
Hall elements; and
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a second Hall sensor comprising a second Hall element,

wherein the first Hall sensor and the second Hall sensor
are positioned 1n the display terminal and are vertically
arranged with respect to each other and the display
screen, and wheremn the display screen 1s arranged
substantially parallel to a surface of the first Hall sensor
and a surface of the second Hall sensor such that a
magnetic field of a magnet passing through the surface
of the first Hall sensor and the surface of the second
Hall sensor is respectively sensed by the first Hall
sensor and the second Hall sensor.

11. The apparatus of claim 10, wherein the first Hall
clement and the second Hall element are on a semiconductor
substrate; and

a first conductivity type contact region and a second

conductivity type doping region are formed on a first
conductivity type well of the semiconductor substrate.

12. The apparatus of claim 11, wherein the first conduc-
tivity type contact region 1s an N-type contact region; the
second conductivity type doping region 1s a P-type doping
region; and the first conductivity type well 1s an N well of
the semiconductor substrate.

13. The apparatus of claim 10, wherein the first Hall
sensor 1s layered above or below the second Hall sensor.
14. The apparatus of claim 10, further comprising;
a cover 1n which the magnet 1s positioned; and
a processor configured to determine whether the cover 1s
open or closed based on magnetic fields detected by the
first Hall sensor and the second Hall sensor.
15. The apparatus of claim 10, wherein the first Hall
sensor, the second Hall sensor, and the display screen are
arranged 1 a main body.
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16. The apparatus of claim 15, wherein the display screen
1s horizontally arranged 1n the main body, and the first Hall
sensor and the second Hall sensor are vertically arranged 1n
the main body.
17. A method of determining a status of a cover of a 5
display terminal, the display terminal including at least two
Hall sensors, the method comprising:
detecting a first magnetic field intensity by using a first
Hall sensor;

detecting a second magnetic field intensity by using a 10
second Hall sensor, the first Hall sensor and the second
Hall sensor arranged vertically inside the display ter-
minal and arranged perpendicular to a main surface of
the display screen;

comparing the first magnetic field intensity and the second 15

magnetic ntensity; and

determining whether the cover 1s open or closed based a

result of the comparing.

G e x Gx ex

16



	Front Page
	Drawings
	Specification
	Claims

